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1. INTRODUCTION
I relate hours worked in Portugal, France, Spain, United Kingdom and United
States with consumption and labor taxes. I estimate the tax rates during 1970 to
2001 and compare the model predictions on hours worked per worker with the actual
values for each country. Taxes predict the general trend in hours worked for all
countries. Most predictions differ from the actual values by one hour or less. I
calculate welfare implications and extend the model to study the effects of a change
from a pay-as-you-go Social Security system to a fully funded system.
I use the neoclassical model in Prescott (2004) and Cooley (1995). In order to
use data the most comparable as possible, all data are from the OECD publications
Revenue Statistics and National Accounts and the OECD labor market statistics.
To obtain a correspondence from the actual tax systems to the taxes in the model,
I use the method of Lucas (1990) and Mendoza, Razin and Tesar (1994), also used
by Prescott (2002 and 2004). The tax rates are calculated by the ratio between tax
revenues and the tax base. The five countries have different consumption and labor
tax rates and different paths during 1970 to 2001. The consumption tax is in general
smaller for the United States and higher in France. It grew faster in Portugal and
Spain during the period. The labor tax is in general higher in France. In the other
countries, the labor tax rates converged approximately to the same value, lower than
in France, in 2001. An additional contribution of the paper is to calculate the effective
tax rates, the tax rates obtained by this method, for the five countries.
For Portugal, the predictions for hours worked are above the actual values for 1986
and have a difference of less than one hour in 1993-1996 and 2000-2001. For Spain, the
predictions are above one hour for only 1993-1996. The model is able to predict the
value of hours in most cases with an error of one hour and to follow the general trend.
Especially for the period 2000-2002, the model predicts more hours than the actual
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hours for France. The legislation on the reduction of the working week in France may
have a greater role than taxes in this period. I fix preferences and institutions across
countries and time: the calibration for these predictions uses data for the period 1970-
1975 and does not use data for Portugal and Spain. As the model predicts the general
pattern of hours worked, and the calibration fixes preferences and institutions, taxes
have an important effect in the number of hours worked.
The results show that taxes influence behavior, especially, labor supply. The conclu-
sions do not rely on specific assumptions. I study several changes in the parameters
and in the method to calculate effective taxes. Even with the changes, the model
predicts hours in most cases with an error from the actual hours of one hour or less.
Policy Implications
Why do these results matter? I investigate three policy implications: (1) the long
run effects of taxes on hours, capital, output, and welfare; (2) the long run effects of a
change from a pay-as-you-go (PAYG) Social Security system to a fully funded system;
and (3) the transitional effects of the same change in the Social Security system, from
a PAYG to a fully funded system.
Consider the long run effects of taxes. As taxes change the decision of hours, an
increase in taxes decreases consumption, capital, output, and welfare. The welfare
effects are substantial. A decrease in taxes from 45 percent, the level in Portugal, as
calculated by the effective taxes, to 37 percent, the level in the United States, is equiv-
alent to a welfare gain of 6.8 percent in terms of current consumption. This welfare
compensation takes into account the level of government expenditures: I maintain the
ratio of government consumption to output constant. As output increases, keeping
the government to output ratio constant increases government consumption. Consid-
ering private consumption only yields a welfare compensation of 5.8 percent. I also
calculate the effects of the increase in the consumption tax in Portugal in 2002 and
2005. The total increase implies a welfare cost of 1.5 percent.
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For the second and third implications, I extend the model to calculate the effects of
a change from a pay-as-you-go Social Security system to a fully funded system. The
effect on hours affects the financing of Social Security. A decrease in Social Security
taxes increases hours worked and helps to finance a transition from a PAYG to a fully
funded system.
For the long run, I compare the scenarios with the current PAYG system and with
a fully funded system. The welfare gains are substantial, in the order of 9.5 percent
in terms of consumption. Moreover, consumption, output and capital are higher in a
fully funded system.
For the transition, agents have the option to stay in the current system or to move
to a fully funded system. The difficulty of the transition is to finance the agents that
decide to stay in the current PAYG system. I study two options of financing. In the
first, the government issues bonds to pay for the gap between current contributions
and benefits. In the second, the level of government consumption temporarily de-
creases to balance revenues and expenditures. The options are also different in the
level of non Social Security transfers for generations born after the change and in the
path of government consumption. Even considering the transition, the welfare gains
are substantial, 4.8 percent or 3.0 percent according to the method of financing.
Hours worked in the market refer to hours used in the legal market for production.
One effect of a decrease in hours worked is the decrease in market production and,
therefore, less consumption and welfare. Even if total hours stay constant, when labor
flows from market to nonmarket activities, there can be welfare losses as the economy
could be more efficient in market activities. Moreover, the decrease in market work
can correspond to an increase in the underground economy. As taxes increase, the
incentives for nonmarket work increase and so the economy works less efficiently.
In sections 2, 3 and 4 below I discuss the model, calculate effective tax rates and
compare the predictions of the model with the data. Section 5 analyzes the sensitivity
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of the results to parameters and assumptions. Section 6 discusses policy implications:
welfare implications and the implications for Social Security. Section 7 concludes.
2. TAXES AND THE DECISION OF CONSUMPTION AND LABOR
The elements of the model are standard: a decision on consumption and labor,
consumption and labor taxes, a government sector, and a production sector. It is the
same model as used by Prescott (2004) and it is in the same spirit of the models in
Cooley (1995).
A representative consumer, infinitely-lived, has preferences
∞X
t=0
βt [log ct + α log (100− ht)] , (1)
where ct and ht denote consumption and hours of work in the market respectively.
β is the intertemporal discount parameter, 0 < β < 1, and the number 100 is a
normalization of the number of hours per period1. The parameter α is a positive
constant and it will be used to calibrate the model to the actual economies.
The consumer faces the budget constraint
(1 + τ c) ct + (1 + τx)xt = (1− τh)wtht + rtkt − τk (rt − δ) kt + Tt (2)
in every period. xt, and kt denote investment and capital respectively. Taxes on
consumption, investment, capital and labor are represented by τ c, τx, τk and τh
respectively. δ and Tt denote the depreciation of capital and government transfers.
All prices are in terms of the consumption good. The model considers the decision
of consumption, labor and savings of an employed worker. It does not consider the
decision of entering or not in the labor force as a job searcher. The law of motion of
1It is approximately the number of productive hours available per week.
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capital is kt+1 = (1− δ) kt + xt.
The tax systems in the world are much more complicated than what we have in
the budget constraint above. There are tax brackets, exemptions, subsidies and so
on. These complications do not change the basic point of the analysis. In section 3,
I map the tax revenues and the tax bases to the effective taxes in the model.
Firms combine capital and labor to produce goods. Capital and labor prices are
given respectively by rt and wt. Let yt denote production. The production function
is yt = Atkθth
1−θ
t , where At is the total factor productivity and θ is the capital share,
0 < θ < 1. At will not affect the quantity of hours worked and will not be important
for our purposes. Let gt denote the quantity of goods consumed by the government.
The resource constraint is ct + xt + gt = yt.
The government collects taxes to pay for government consumption. Any difference
between tax revenues and government consumption is given back to consumers in
the form of transfers Tt. Therefore, the government budget constraint is gt + Tt =
revenues from taxes. Equilibrium allocations are such that consumers and firms max-
imize welfare and profits, the government budget constraint holds and the resource
constraint holds.
Solving the model
A full solution of the model involves the equilibrium values of ct, ht, xt and kt.
Here we are concerned with the behavior of hours worked and so we focus on ht.
The first order conditions imply
α
100− ht =
1
ct
1− τh
1 + τ c
wt. Taxes on labor or con-
sumption have similar effects: a unit more of work brings less goods if the labor tax
is higher or if the consumption tax is higher.
Firms choose capital and labor so that wt = (1− θ) yt/ht. With this, we have
ht = 100× 1− θ
1− θ + α ct
yt
1
1− τ
, (3)
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where 1− τ ≡ 1− τh
1 + τ c
.
Equation (3) is the key to understand how taxes influence labor supply. If taxes
on labor or on consumption increase, then τ increases and so the number of hours
worked decreases2.
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Fig. 1. Predicted hours obtained from the model developed in sections 2 and 3.
Source of actual hours: OECD.
Figure (1) compares the predictions from equation (3) with taxes for Portugal and α
calibrated with the data for Portugal3. Hours worked per worker in Portugal decreased
from 35.1 hours per week to 32.6 hours per week from 1986 to 2001. Consumption
and labor taxes increased during the same period. The model predicts 32.4 hours
worked in 2001. According to these results, with only the change in taxes during
these 15 years, we can predict the number of hours worked with an error of a little
more than 10 minutes, or less than 1 percent from the true value. The same model
2The ratio of consumption to production, ct/yt, depends on the expectations about the future.
Although the ratio ct/yt is an equilibrium variable, we only need its value, given by the data, to
obtain a prediction for the number of hours worked.
3In the calibration, α is obtained such that the sum of square differences between the actual
values and the predictions for the period 1986-1988 is minimized.
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predicts a decrease in the number of hours to 31.9 hours per week if there is a further
increase of one percentage point of the taxes on consumption and labor.
The model follows the general trend up or down of hours worked, but it misses,
for example, a peak of hours worked in 1995. Nevertheless, the model is surprisingly
precise to follow the general trend.
3. TAXES ON LABOR INCOME AND CONSUMPTION
We have to relate consumption and labor taxes in the actual economies with the
taxes in the model. In reality, we have several consumption taxes for the various
goods and services. Similarly, income tax systems are progressive over income, allow
for exemptions and deductions, and we have Social Security taxes. The taxes obtained
with the procedure in this paper are in table 1 and in figure (2). The calculations
follow the same principle: dividing the revenues from the tax by the tax base. We
have data for tax revenues detailed by the origin and for National Accounts aggregates
from the OECD database4.
The idea of using National Accounts to calculate effective tax rates has its origins in
Lucas (1990) and was extended by Mendoza, Razin and Tesar (1994). Prescott (2002,
2004) also used this method and I am following closer his calculations. There are some
differences in my calculations to yield longer series and being the most comparable as
possible. Calculating directly with Mendoza, Razin and Tesar’s method yields slightly
different values moving in parallel. The differences do not modify the conclusions5.
For the tax on consumption τ c, I divide revenues from indirect taxation, IT , by
4The sources of data are the OECD publications National Accounts, Detailed Tables: vol II and
Revenue Statistics of OECD Member Countries. I used the OECD online dataset SourceOECD.
The codes in the Revenue Statistics for each variable are as follows. Indirect taxation IT is given by
the sum of items 5110 and 5121. Social security contributions are given by item 2000, it considers
contributions from employers and employees. Direct taxes of individuals, by item 1100.
5See Pereira and Rodrigues (2001a, b) for a detailed discussion on the correspondence between
statutory and effective tax rates in Portugal.
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household final consumption expenditure C minus indirect taxation, as consumption
expenditures include indirect taxation in the National Accounts, τ c =
IT
C − IT .
Portugal France Spain
United 
Kingdom
United 
States Portugal France Spain
United 
Kingdom
United 
States
1970 7.2 27.0 6.9 18.3 7.0 27.4 12.6 31.1 24.7
1971 6.6 26.7 6.5 16.6 6.9 27.3 13.6 30.7 22.6
1972 6.4 27.0 6.4 15.3 6.7 27.8 14.7 29.3 23.0
1973 6.2 25.7 6.6 14.8 6.7 27.1 15.3 28.8 23.2
1974 6.3 25.7 6.1 14.4 6.6 29.4 15.8 33.9 24.9
1975 7.3 24.0 5.6 14.7 6.2 31.2 18.4 37.8 24.3
1976 9.0 25.3 5.3 15.0 6.1 33.1 18.5 37.8 23.6
1977 10.0 23.0 5.3 15.4 5.9 34.1 21.5 34.6 25.1
1978 10.4 24.0 5.7 14.7 5.9 34.0 23.7 32.2 25.5
1979 10.6 25.5 5.5 16.3 5.7 35.8 24.6 30.3 26.9
1980 13.8 25.1 6.0 18.3 5.8 37.9 25.6 30.5 28.0
1981 13.3 24.2 6.8 19.2 6.6 38.3 26.8 32.0 29.1
1982 13.4 24.7 7.1 19.4 6.3 39.3 27.1 33.4 30.0
1983 14.8 24.6 8.1 19.7 5.9 40.7 29.1 32.4 27.5
1984 13.7 24.8 10.0 20.6 6.0 41.5 30.1 31.8 26.7
1985 13.2 25.4 10.0 21.2 5.9 41.3 28.3 31.1 27.7
1986 21.8 25.0 12.6 20.4 5.7 40.4 27.7 33.1 27.6
1987 19.6 25.1 13.5 19.9 5.5 41.0 31.1 31.0 28.7
1988 19.4 25.4 13.8 19.8 5.6 39.7 31.0 30.8 28.1
1989 19.4 24.8 14.0 19.2 5.4 20.8 39.7 33.1 29.4 28.7
1990 18.8 24.3 13.8 18.9 5.2 22.5 40.0 32.5 31.7 29.1
1991 19.1 22.9 14.5 20.0 5.4 24.5 41.4 34.0 31.2 28.5
1992 21.9 22.3 15.5 20.3 5.4 27.6 40.5 35.9 30.8 28.1
1993 20.0 22.4 13.8 19.9 5.3 26.5 40.9 35.7 29.6 28.2
1994 23.1 23.5 15.1 20.7 5.5 26.6 40.8 35.2 30.1 28.4
1995 24.7 23.9 15.0 20.9 5.5 29.6 40.5 34.0 30.5 28.9
1996 25.4 25.1 15.4 20.8 5.5 30.3 41.5 33.2 29.2 30.0
1997 25.1 25.3 15.9 21.0 5.4 30.1 41.4 33.1 28.4 30.8
1998 26.3 25.0 16.8 20.6 5.3 29.9 42.5 33.0 30.7 32.1
1999 26.6 25.0 17.8 20.9 5.3 30.4 43.2 33.1 31.5 32.5
2000 26.1 24.3 18.0 20.4 5.2 31.4 43.3 32.9 32.6 33.8
2001 25.7 23.3 17.4 19.7 5.0 31.6 42.8 33.8 33.0 33.5
Table 1. Consumption and Labor Tax Rates (in percent)
Consumption Tax Rates Labor Tax Rates
Source: author’s calculations as described in section 3.
As Mendoza, Razin and Tesar note, part of the indirect taxation comes from taxes
paid by the government. This requires summing the tax base by the difference between
government consumption and wages paid to government employees. As the denom-
inator is bigger with the government sector, the tax on consumption calculated in
this way is smaller. However, I compared the calculations with the two methods and
the two series are very close, moving almost in parallel. For Portugal, the OECD
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database would allow us to calculate consumption taxes only for 1995-20016.
The Social Security tax is obtained by dividing the Social Security contributions
by the labor income. I use (1− θ) times GDP less indirect taxes as an estimate of
the labor income, τSS =
Social Security Contributions
(1− θ) (GDP − IT ) . Indirect taxes are subtracted
because GDP includes tax payments. I set 1− θ = 0.7. This share is approximately
constant over countries and time and the number used is conventional in models of
this type7.
The average income tax is calculated by τavgh =
Direct Taxes of Individuals
GDP − IT −Depreciation . To
obtain the marginal tax rate, I follow Prescott (2002, 2004) and multiply the average
tax rate by the factor 1.68. The labor income tax τh is then obtained as the sum of
the Social Security tax and the marginal labor income tax, τh = τSS + 1.6τ
avg
h .
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Fig. 2. Source: author’s calculations based on OECD data.
6The difference between the calculations with or without the government sector are about five
percentage points for this period.
7Gollin (2002) obtains further evidence for this number and for the stability of the labor share.
The labor shares are approximately constant, in the range of 0.65 and 0.80, once the labor income
of the self-employed is treated carefully. The conclusions of the present analysis do not change if we
consider other values in this range.
8This number is the increase in tax revenues if all workers had an increase in their incomes of
one percent.
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4. DATA AND PREDICTIONS
We now turn to the predictions of the model. The key equation for the predictions
is equation (3). Figure (3) shows hours per worker and the values of τ for Portugal and
the United States from 1986 to 2001. Hours per worker decreased more in Portugal
while taxes increased more in Portugal. This observation agrees with the model. To
be more precise, we have to substitute the values of τ and ct/yt in (3) and compare
the predictions of the model and the actual values of hours per worker9.
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Fig. 3. Source for Hours: OECD. Tax rates: calculations by the author following
section 3.
In addition to Portugal the countries chosen for this study were France, Spain,
United Kingdom and United States10. I first focus on four periods: 1970-1974, 1983-
1986, 1993-1996 and 2000-2002. The first period is the first that we have data available
for France, United Kingdom, and United States. The first observation available for
9In the model, labor supply from consumers and labor demand from firms act together to imply
the equilibrium quantity of labor. Other models include additional features of the labor market that
can also influence the behavior of hours worked. Here, I study how much the model in question is
able to account for the pattern of hours worked.
10For the labor force, I use “average actual annual hours worked per person in employment” from
the OECD. I divide the annual hours by 52 to write the values in weekly hours.
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Portugal is in 198611, therefore I included the period 1983-1986. The period 2000-2002
is the last period that we have data available12.
I used two estimates for ct in equation (3). In the first case, I consider only private
consumption net of indirect taxes. In the second, I also consider government consump-
tion. So, ct = Ct− Indirect Taxes in the first case and ct = Ct+Gt− Indirect Taxes in
the second case. Ct and Gt are the figures of private and government consumption in
the National Accounts data. The value of yt is the same in the two cases: yt = GDP−
Indirect Taxes. The justification for considering government consumption as part of
ct is that it may substitute part of private consumption. However, I do not have
a clear estimate of the degree of substitution between private and government con-
sumption. Choosing a value could be thought as arbitrary. Therefore, I calculated
the predictions for the two extreme cases, with zero and one-to-one substitution, and
compared with the actual values13.
The parameter α sets the weights between consumption and leisure. It should
have the same value for all countries to assess how much of the difference in hours
is explained by the difference in taxes only. This parameter is obtained so that the
difference between the actual and the predicted values of hours worked is minimized
for the period 1970-1975 for France, United Kingdom and United States. It yields
α = 1.39 and α = 1.02 when we consider respectively private consumption only and
private and government consumption. The predictions of figure (1) were obtained for
a value of α set to minimize the difference during the period 1986-1989 for Portugal,
with only private consumption. This yields α = 1.47 and is used to assess how much
of the change in hours during the period 1986-2001 may be accounted for changes in
the tax rates for Portugal.
11Labor income taxes are available since 1989 for Portugal. I maintained the labor income tax
rate during 1986-1988 equal to its value in 1989 to calculate τ from 1986 to 1988.
12Prescott (2004) focuses on the periods 1970-1974 and 1993-1996.
13Prescott (2004) adds 2/3 of non-military government expenses to private consumption to obtain
his measure of consumption.
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Table 2. Actual and Predicted Hours 
 Portugal France Spain 
 Actual Pred 1 Pred 2 Actual Pred 1 Pred 2 Actual Pred 1 Pred 2 
1970-74 - - - 35.9 37.2 36.4 - - - 
1983-86* 35.1 36.2 37.7 31.6 31.9 29.6 36.0 35.3 36.8 
1993-96 33.9 33.6 33.5 30.2 32.6 29.9 34.9 33.9 34.0 
2000-02** 32.6 33.5 32.4 28.3 32.4 29.8 34.9 34.6 34.7 
  United Kingdom  United States  
  Actual Pred 1 Pred 2  Actual Pred 1 Pred 2  
1970-74  36.6 34.8 34.8  36.3 37.0 38.1  
1983-86  33.5 34.4 33.2  35.1 35.2 36.5  
1993-96  33.3 33.7 33.4  35.2 33.8 35.9  
2000-02  32.8 32.3 32.3  34.8 32.1 34.5  
Hours per week per worker. Pred 1: predictions with private consumption. Pred 2: predictions with private and 
government consumption. * 1986 only for Portugal. ** 2000-01 only for Portugal. 
Source of actual hours: OECD. 
 
Therefore we estimate the parameter α in two ways. In the first, we focus on
Portugal and obtain the predictions in figure (1) as a starting point. In the second,
we do not use the data for Portugal and use other countries and another period. In
this second way the parameter α is set independently from the data for Portugal.
Any difference in the predictions of hours worked across countries and through time
is because of the difference in taxes and the difference in the ratio of consumption to
GDP. I now focus on this second estimation of α.
Table 2 compares actual and predicted hours. Each period shows the average of
actual and predicted values. Each column fixes the value of α. Therefore, I fix
tastes on consumption and leisure and all kinds of institutional arrangements across
countries. I allow only taxes to vary and the corresponding equilibrium value ct/yt.
Although the model abstracts from several potentially important features of the
labor market, it is able to generate very reasonable estimates based only on the tax
rates. Most numbers are around one hour of error from the actual value of hours
13
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Fig. 4. Source of actual hours: OECD. Pred 1: predictions using only private con-
sumption net of indirect taxes. Pred 2: predictions with private and government
consumption net of indirect taxes.
worked. Only five predictions misses the actual numbers for more than two hours.
According to table 2, the predictions for hours worked for Portugal are above the
actual values for 1986 and are much closer for 1993-1996 and 2000-2001. For Spain,
in only one period the model predicts hours with more than one hour of error. For
the United Kingdom it misses the period 1970-1974 but it is good in predicting the
other periods. For France, the model predicts more hours of work than the actual
values specially for the period 2000-2002. It can be an effect of the new legislation
on the reduction of the working week in France, and it can have a greater role than
the change in taxes for this period.
Therefore, the model is good in predicting the general pattern of hours worked.
As everything is fixed across countries and only taxes are allowed to vary, this shows
that taxes have an important effect in the number of hours worked. The good fit is
more surprising for Portugal and Spain as I have not used these countries to estimate
the value of α, and we could believe a priori that they are much different from the
14
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Fig. 5. See figure (4) for sources and definitions.
other countries apart from the difference in taxes. Figures (4)-(5) compare actual and
predicted hours year by year.
I am using hours per worker in the analysis. Other models use hours per capita or
hours per (working age) person. In the model, workers decide hours of work given that
the decision of entering the labor market has already been made. Hours per person
in Portugal were on average 2.4 hours lower than in the United States during 1986 to
2001. During the same period, however, hours per person were more or less constant
as the number of people in the labor force increased. Prescott (2004) uses hours per
person and he also finds an important effect of taxes on the supply of labor14.
14Davis and Henrekson (2005) provide empirical evidence on the effects of taxes on the labor
supply and on the underground economy.
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5. SENSITIVITY ANALYSIS
I show in this section that the conclusions of the paper do not rely on specific
assumptions. We still obtain that the labor supply can be explained by the evolution
of the tax rates with reasonable changes in parameters and in the calculation of
effective tax rates.
The analysis above opens the possibility of not having a good fit in several ways.
First, all parameters were obtained independently from other sources and papers.
Second, the procedure to calculate the effective tax rates was developed independently
for a general application. Third, the parameter α, which denotes the weight between
consumption and leisure, was obtained with observations from other countries than
Portugal and for a different time period. Those assumptions put much stress in the
model as they make more difficult to fit the data. Moreover, there are two predictions
for each country, one with private consumption only and one for the case in which
government consumption can serve as a substitute for private consumption.
The critical parameter for the analysis is the weight between consumption and
leisure, α. The labor share 1− θ is also important for the analysis but the results are
less sensitive to it. The value of α is obtained by the calibration given the predictions
of the model and the data for France, United States, and United Kingdom. The
idea of using three different countries other than Portugal to obtain the value of α,
and keeping α constant, highlights the fact that only taxes change across countries
and time while institutions do not change. Therefore, changes in labor supply are
explained by changes in tax rates.
The value of α, in turn, depends on the effective tax rates. Therefore, we have to be
especially concerned with the calculations of the effective tax rates in the sensitivity
analysis. The procedure to obtain the effective tax rates, dividing the tax revenue
by the tax base, however, is done directly with the revenue and national account
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statistics. This method is not very sensitive to specific assumptions. There is not
a direct assumption on α. Using the parameters calculated independently in other
studies and setting α by the evidence in the data provides discipline in the selection
of the parameters for the exercise.
A parameter in the calculations of effective tax rates that does not come directly
from data is the adjustment from average to marginal labor income taxes. As de-
scribed above, the effective tax on labor is given by τh = τSS + fτ
avg
h , where f is
a factor used to adjust the average tax rate to a marginal tax rate. The average
tax rate τavgh is calculated directly from revenue and National Accounts data. In
the benchmark prediction, f = 1.6, equal to the value set by Prescott (2002, 2004)
and calculated as the increase in tax revenues if all workers had an increase in their
incomes of one percent.
The labor share also affects predictions by its role in the calculation of the Social
Security tax τSS. If the labor share increases, then the estimated labor income share
increases and the tax base used to calculate τSS increases. Also, the labor share
influences directly the value of hours given by the model in equation (3). The labor
share in the predictions was set to 0.7.
In the sensitivity analysis, I first recalculate the predictions for the sets of para-
meters given by 1 − θ = 0.65 and 0.70, and for f = 1.4, 1.6 and 1.8 for the five
countries. The benchmark combination is 1−θ = 0.70 and f = 1.6, used in section 4.
For each combination, I calculate the predictions with private consumption only and
with government consumption as a substitute for private consumption. This gives a
total of 50 additional simulations. Table 3 shows the results.
In general, the changes in f and in the labor share yield parallel changes in the
effective tax rates. This changes the value of α to adjust to the new effective tax
rates. The value of α increases when the labor share increases and decreases when f
increases. As the new series is parallel to the series first calculated, the new predictions
17
maintain the pattern first obtained.
Portugal
Actual Pred 1 Pred 2 Pred 1 Pred 2 Pred 1 Pred 2 Pred 1 Pred 2 Pred 1 Pred 2 Pred 1 Pred 2
1970-74 - - - - - - - - - - - - -
1983-86* 35.1 35.9 37.3 36.2 37.7 36.5 38.0 35.9 37.4 36.2 37.7 36.6 38.0
1993-96 33.9 33.5 33.4 33.6 33.5 33.7 33.6 33.5 33.4 33.6 33.5 33.7 33.5
2000-02** 32.6 33.5 32.3 33.5 32.4 33.6 32.4 33.3 32.1 33.4 32.2 33.5 32.2
Spain
1970-74 - - - - - - - - - - - - -
1983-86 36.0 35.1 36.6 35.3 36.8 35.5 37.0 35.0 36.5 35.2 36.7 35.4 36.8
1993-96 34.9 33.9 34.0 33.9 34.0 33.8 33.9 33.7 33.9 33.7 33.8 33.7 33.7
2000-02 34.9 34.6 34.6 34.6 34.7 34.6 34.6 34.4 34.4 34.4 34.4 34.5 34.4
United States
1970-74 36.3 37.0 38.1 37.0 38.1 37.0 38.1 37.2 38.3 37.2 38.3 37.2 38.3
1983-86 35.1 35.3 36.6 35.2 36.5 35.1 36.4 35.3 36.7 35.3 36.6 35.2 36.5
1993-96 35.2 33.9 36.0 33.8 35.9 33.7 35.7 34.0 36.0 33.9 35.9 33.8 35.8
2000-02 34.8 32.4 34.7 32.1 34.5 31.8 34.1 32.4 34.8 32.1 34.5 31.9 34.2
United Kingdom
1970-74 36.6 35.1 35.0 34.8 34.8 34.5 34.4 35.2 35.1 34.9 34.8 34.6 34.5
1983-86 33.5 34.7 33.4 34.4 33.2 34.1 32.9 34.7 33.4 34.4 33.2 34.2 32.9
1993-96 33.3 33.9 33.5 33.7 33.4 33.5 33.1 34.0 33.6 33.8 33.4 33.6 33.2
2000-02 32.8 32.7 32.6 32.3 32.3 32.0 32.0 32.7 32.6 32.4 32.3 32.1 32.0
France
1970-74 35.9 36.9 36.1 37.2 36.4 37.6 36.7 36.7 35.9 37.0 36.2 37.4 36.6
1983-86 31.6 31.9 29.4 31.9 29.6 32.0 29.6 31.3 28.9 31.4 29.0 31.5 29.1
1993-96 30.2 32.5 29.8 32.6 29.9 32.7 30.0 31.9 29.2 32.0 29.3 32.1 29.4
2000-02 28.3 32.6 29.9 32.4 29.8 32.2 29.6 32.1 29.5 31.9 29.3 31.7 29.1
* 1986 only. ** 2000-01 only. 1-θ : labor share. f : average-marginal tax adjustment factor. Benchmark parameters: 1-θ = 0.7 and f  = 1.6. See Table 2 for additional notes.
f  = 1.4 f  = 1.6 f = 1.8 f  = 1.4 f  = 1.6 f = 1.8
Table 3. Sensitivity Analysis: Actual Values and Predictions for different sets of parameters
1 - θ  = 0.7 1 - θ  = 0.65
In the new calculations, most predictions still maintain the difference from actual
values of one hour or less. The predictions slightly improve when f decreases and
slightly worsen when the labor share decreases. For example, from the benchmark
f = 1.6 and labor share of 0.7, the proportion of predictions within one hour or less
from the actual values increases from 61 percent to 67 percent when f decreases to
1.4 — keeping the labor share fixed — and decreases to 58 percent when the labor share
decreases to 0.65 — keeping f fixed. On the other hand, the number of predictions
that misses the actual values for more than two hours increases from five to seven
when we maintain the labor share and increase f to 1.8. These results suggest that
the factor f in fact makes the fit of the model more difficult. Hence, I also calculated
the predictions for the benchmark labor share with no correction factor, f = 1, and
confirmed this suggestion. The number of predictions that misses the actual values
for two hours or more decreases to four and the predictions are closer to the actual
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values as compared to the benchmark.
Therefore, results improve from the benchmark in table 2 for 1 − θ = 0.7 and
f = 1.4 and worsen for 1 − θ = 0.7 and f = 1.8. The changes, however, are not
substantial and the conclusions are not particular to the parameters chosen in the
sections above. The conclusions do not change either when we consider only private
consumption and the sum of private and government consumption.
Going further from the assumptions made on the parameters, the method used
to calculate effective tax rates may also affect results. As described in section 3, I
followed the method as set by Mendoza, Razin and Tesar (1994) and Prescott (2002,
2004). The principle of the calculations is to use tax revenues and the tax base to
obtain effective tax rates, but there are small differences in the calculations. I discuss
below if these differences can affect conclusions.
For the consumption tax, τ c, as stated in section 3, Mendoza, Razin and Tesar
take into account the fact that part of the indirect taxation comes from taxes paid by
the government. Hence, they include the difference between government consumption
and wages of government employees in the tax base. For Portugal, this would imply
a series from 1995 instead of 1970 as we have in table 1. Moreover, this could add
a measurement error as countries may differ in the way government employees are
considered. Finally, both the level and the variation of this additional term in the
tax base are small relative to the level and variation of consumption and indirect
taxation. Therefore, the implied series is close and moves in parallel to the series
used in the calculations. As a result, including government consumption and wages
of government employees would not change the conclusions of the paper.
For the labor income tax, Prescott first calculates the Social Security tax using
data on Social Security contributions and an estimate of labor income with the labor
share parameter. He then adds the average income tax, calculated by direct taxes
and GDPminus indirect taxes and depreciation, adjusted to account for marginal tax.
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Mendoza, Razin and Tesar, on the other hand, first calculate the average tax on total
income with the figures on operating surplus of private unincorporated enterprises
(OSPUE) and household’s property and entrepreneurial income (PEI), use this value
and wages to estimate tax revenues from labor income and, finally, add Social Security
contributions. This method relies more heavily on the revenues data but has two
disadvantages for the analysis in this paper. The first is that the series for OSPUE,
PEI and wages are not as easily available as the other series. For Portugal and
Spain, for example, the available series for these items start in 1995. The second
is that OSPUE and PEI are difficult to measure and are more sensible to different
rules according to the country. This is discussed in detail by Gollin (2002), especially
for OSPUE. Nevertheless, I calculated the effective labor tax rates also using this
method. Again, the two series move in parallel for each country and they have similar
values15. Therefore, using this alternative method would limit the analysis because
of the availability of data, but would not change the conclusions of the paper.
Therefore, we studied first how the assumptions on the labor share and on the
adjustment factor f could affect results and, second, how different methods on the
calculation of the effective tax rates could affect results. The difference between the
predictions do not change in fundamental ways for all modifications proposed. We are
able to conclude that the results of the paper are not sensitive to special assumptions
made in the present analysis.
6. POLICY IMPLICATIONS
According to the analysis above, taxes influence labor supply and we have a model
able to explain labor supply movements. Why do these results matter? This sec-
tion examines further the results by calling attention to their policy implications. I
15For Portugal and Spain, the two series used for the predictions are below the series calculated
by this method by around one percentage point.
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especially examine the policy implications for Portugal.
As aggregate labor supply reacts negatively to an increase in taxes, governments
should take this into account when devising the tax structure. This statement is
surprising because the first estimates of the labor supply elasticity pointed to a small
number. The difference is that these estimates were obtained with micro-level data
while this paper considers aggregate data16.
As agents react to taxes, an increase in tax rates creates distortions that decrease
output, capital and consumption. In order to calculate the long-run implications
of a change in the tax structure, consider the economy in a balanced growth path:
consumption, output and capital grow at the same rate γ, equal to the productivity
growth rate, and hours of work are constant. Define the welfare compensation v as the
percentage increment in lifetime consumption that would make consumers under the
current policy indifferent to the proposed policy. Use α = 1.02, calibrated in section
4, and θ = 0.3, used in sections 3 and 4. It is interesting to consider a change in the
tax structure maintaining the ratio of government expenditures to GDP constant.
Set, therefore, G/Y = 0.19, the average for Portugal from 1989 to 2001 according to
OECD data. Set the productivity growth rate equal to 2 percent per year, and the
values of β and δ such that the net interest is equal to 4 percent and the capital-output
ratio is compatible with the value for Portugal17.
Consider first a decrease in taxes in Portugal from 45 percent to the level of taxes
in the United States of 37 percent. These tax rates refer to the average of τ , which
includes consumption and labor taxes, in the period 1999-2001. This decrease in taxes
is equivalent to an increase in 6.8 percent in lifetime consumption. This welfare gain
16A recent discussion about the reasons for the difference in estimation with aggregate and micro
data is in Rogerson (2006). Rogerson and Wallenius (2007) provide an economic model to explain
the different estimations.
17This yields β = 0.9811 and δ = 0.046, for the tax rates for Portugal, and implies k/y = 3.5,
in accordance to the data by Klenow and Rodrigues-Clare (1997). For the Social Security exercise
below, β = 0.9844. These and the other parameters have a small effect on the welfare compensations.
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takes into account the increase in hours of work from 31 to 34 hours. Note that this
decrease in taxes keeps constant the ratio of government expenditures on total GDP.
Capital and output increase 10.7 percent. As G/Y is fixed, government expenditures
also increase 10.7 percent18. Therefore, as τ decreases, agents consume more, work
more, and accumulate more capital.
Now consider the two increases in the value added tax rate in Portugal in 2002 and
2005. The consumption tax rate increased 2 percentage points in each increase. The
model implies a total welfare loss of 1.5 percent from the total increase of 4 percentage
points. This roughly reflects the welfare loss of 0.8 percent from each increase. The
model also implies a total decrease in capital and output of 2.1 percent.
The welfare effects of changes in taxes are substantial. They are higher than various
estimates of the welfare loss of, for example, an increase in inflation from zero to
10 percent per year and of business cycles. These estimates may be conservative,
however, as they do not consider a decrease in the productivity level or growth rate
caused by the smaller quantity of capital.
Social Security
The findings can also be used to discuss possible alternatives to reform Social Se-
curity. Social Security systems are usually financed with the contributions of current
young to current old generations. For Portugal, this system implied a ratio of 22 con-
tributors to pensioners in 1960 but only 1.7 contributors to pensioners in 2000. Total
Social Securities expenditures as a fraction of GDP increased from 1.4 to 9.3 percent
in the same period19. The decrease in the number of contributors to pensioners and
the increase in Social Security expenditures threatens the solvency of the system.
One solution is to change the current system, known as pay-as-you-go (PAYG), to
18The welfare compensation takes into account the increase in G. If this is not taken into account,
then the welfare gain decreases to 5.3 percent. If only private consumption is considered with
α = 1.39, then v = 5.8 percent.
19Socal Security data from Rodrigues (2006), table 2.1, p. 52.
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a fully funded system. Benefits in a fully funded system work in the same way as
private savings, that is, benefits are the result of individual contributions to individual
accounts. The government may specify a minimum contribution per period. The
problem is that the transition from PAYG to fully funded may leave the current old
generation without their benefits. The finding that labor supply is sensitive to taxes,
however, implies that a decrease in Social Security taxes increases labor supply and
output. This helps to finance the transition.
In order to study Social Security we have to move from the representative consumer
in the previous sections to an economy with workers and retired agents. Therefore,
consider an overlapping generations economy, as in Auerbach and Kotlikoff (1987),
with 60 generations20. Suppose that agents live 41 years as active workers and 19
years as retired workers. If agents start to work at 22, this implies that they retire at
6321. Suppose that the interest rate is constant and equal to 4 percent and that wages
increase at the rate of 2 percent per year. These values are the same for the economy
above with infinitely-lived agents, the difference is that now they are assumed instead
of being calculated in equilibrium. We can understand this assumption by supposing
a technology with perfect substitution between capital and labor, as Prescott (2004),
or by considering the economy as a small open economy, as Huang et al. (1997).
Labor income is taxed at the rate τ , equal to the sum of the Social Security con-
tribution and the tax on labor income. In a PAYG Social Security system, Social
20The following simulations study some options for Portugal and instigate further analyses. It is
beyond the scope of the paper to offer a detailed analysis of a reform of the Social Security system.
For more complex models of Social Security see, for example, Kotlikoff et al. (1999) and Imrohoroglu
et al. (1999), for models with overlapping generations closer in spirit to the present analysis; and
volume 2 of the Review of Economic Dynamics, dedicated entirely to Social Security. Prescott
(2004) discusses a Social Security reform for the United States. I make different assumptions on the
parameters and on the details of the Social Security system. I also consider different options for the
transition.
21I use the same number of periods for active and retired workers as Prescott to facilitate compar-
ison. These numbers are similar to the numbers for Portugal. According to the Anuário Estatístico
do INE 2005, p. 123, the average retirement age for Portugal is 62 years.
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Security contributions are used to finance the benefits to the current retired. The
sum of benefits paid across generations of retired workers is equal to the sum of the
contributions paid by the generations of active workers. The labor income tax is used
to finance government expenditures not related to Social Security. As in section 2,
any difference between tax collection and expenditures is returned to all generations
as lump-sum transfers22.
The individual maximization problem is similar to the problem of infinitely-lived
agents. The difference is that now agents take into account the benefits that will be
received when they are retired. Active agents decide how much to work and retired
agents do not work. It suffices to show the problem of the first generation at time
one, as the problems of the other generations are analogous. We have
max
60X
t=1
βt−1 [log ct + α log (100− ht)] ,
subject to ct + At = (1− τ)wtht + (1 + r)At−1 + Tt when active, and ct + At =
(1 + r)At−1+Tt+B when retired. At stands for savings and B are the Social Security
benefits. In each period, there are 60 generations with similar problems. We obtain
aggregate equilibrium values such as consumption, hours and capital by aggregating
optimal choices across generations. In particular, capital is given by the sum of
individual savings. In equilibrium, each generation receives a level of benefits during
retirement, and the level of benefits increases at the rate γ for each generation23.
What are the consequences of this Social Security system? Consider first a com-
parison of three economies in the steady state with different policies for the Social
22Auerbach and Kotlikoff (1987) do not have this kind of transfers, but they allow τ to change to
satisfy the government budget constraint. Introducing transfers allows us to maintain taxes fixed
and study different implications.
23These modifications of the original problem imply reasonable equilibrium values and individual
dynamics. For a more complex model for the lifetime behavior of consumption and savings see, for
example, Rios-Rull (1996). The model of Rios-Rull, on the other hand, does not have social security
nor taxes, and completely abstracts from government.
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Security. The first simulates the current structure for Portugal, with a PAYG sys-
tem and taxes as calculated in section 3. This implies τ = 0.454 and τSS = 0.17.
Social security expenditures on pensions, however, include survivors and disability
pensions. As old-age pensions constitute 70 percent of all expenditures on pensions, I
set τSS = 0.12 to concentrate on pensions related to retirement. The second economy
has a decrease of 1 percentage point of the Social Security tax. The third economy
has a fully funded Social Security system. In this case, the government removes the
Social Security tax and obliges agents to contribute an equivalent amount to a pri-
vate account, which receives the 4 percent interest rate that prevails in the economy.
When agents retire, they use savings from this account24. I keep the government-
output ratio fixed at 19 percent for the three economies25. Results are in table 4.
The Social Security contribution in the first economy implies a replacement ratio of
37 percent26.
Consumption1 Hours of Work1 Output Capital/Output τ τ SS Welfare Gain
2
Policy 1 100.0 100.0 100.0 3.5 0.454 0.12 -
Policy 2 101.2 100.7 101.2 3.7 0.444 0.11 0.8%
Policy 3 113.7 107.3 113.7 6.2 0.334 0.00 9.5%
Policy 1: current policy with τ SS = 0.12 (PAYG). Policy 2: decrease of one percentage point of τ SS. Policy 3: τ SS = 0 (Fully Funded).
1. Average across generations relative to policy 1. 2. In terms of lifetime consumption from moving from policy 1 to policy 2 or 3.
Table 4. Steady states in different policies for the Social Security
As we can see from table 4, moving from a PAYG to a fully funded system increases
consumption, hours of work, output and the capital-output ratio. The increase in the
capital-output ratio is large and it is compatible with the findings in Kotlikoff et al.
24As Kotlikoff et al. (1999) state, having this mandated private account for retirement is equivalent
to setting the Social Security tax to zero since agents are not liquidity constraint in this economy.
25This is different from Kotlikoff et alii (1999), which keep G fixed. I have also calculated the
welfare effects with G fixed (such that G/Y = 0.19 for the first policy) and the difference is small.
I have also calculated for G = 0 and the welfare effects are also similar.
26The reference wage in Portugal is the average of the best 10 of the last 15 years of wages reported
(Rodrigues, 2006, p. 64). It was calculated in the same way in the present paper. The replacement
ratio in Portugal ranges between 30 to 80 percent for about 53 percent of the beneficiaries.
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(1999) and Prescott (2004). The welfare gains are substantial. Moving from a PAYG
system to a fully funded is equivalent to a permanent increase of 9.5 percent of current
consumption. A decrease of 1 percentage point in the Social Security contribution rate
implies a welfare gain of 0.8 percent. Moving from PAYG to fully funded increases
consumption 13.7 percent and increases hours of work 7.3 percent. The welfare gains
take into account the increase in hours of work and the three policies have the same
government-output ratio. That is, the level of government expenditures is higher
when output is higher. The welfare gains decrease to 7.5 and 0.7 percent respectively
when we do not consider the increase in government expenditures. The simulations
for the first policy imply a ratio of pensions to GDP equal to 11 percent27, this number
decreases to 10 percent with a decrease of one percentage point in τSS.
Transition
What are the effects of the transition from a PAYG system to a fully funded system?
Suppose that the government offers the option of moving to a fully funded system.
Social security benefits and contributions are eliminated for those that opt for the
new system. Agents decide on the new system if the present value of Social Security
contributions is higher than the present value of benefits.
From the perspective of the government, the difficulty of implementing this plan is
on financing the benefits of the generations that decide to stay in the old system. As
labor supply reacts to a decrease in taxes, however, it is possible to change to a fully
funded Social Security system andmaintain the benefits of the current old generations.
Two forces help in this direction. The first is the increase in tax revenues used to
finance government consumption. Total tax revenues equal (τh + τSS)Ht, where Ht
is aggregate labor income, but government consumption is financed with τhHt. When
27Even with the simplifications in this paper, it is interesting that the model is able to generate
reasonable numbers for this ratio. Old-age pensions as a fraction of GDP are equal to 4.95 percent
for Portugal in 2003 and the analogous figure for total Social Security expenditures is 12.5 percent
(Rodrigues 2006, p. 63).
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τSS = 0, hours of work and labor income increase. Therefore, revenues used to finance
government consumption increase. These additional revenues can be used to finance
the Social Security deficit28. The second force is the gain of new generations born
after the announcement of the change. As the gain of moving to a fully funded system
is substantial, these generations can receive smaller non-Social Security transfers and
even so be better off than with the PAYG system.
I consider two alternatives to finance the gap between benefits and contributions
during the transition. In the first, I maintain government expenditures of the steady
state with PAYG, growing at the constant 2 percent rate, and decrease transfers of
the generations born in the period of the change and afterwards. The level of transfers
for the remaining generations are maintained, including for the ones that opt to move
to the fully funded system. The level of benefits are maintained for those that stay
in the old system. Any difference between government revenues and expenses are
financed by bonds. Bonds receive the same interest rate of 4 percent that agents
receive in their private accounts. The decrease in transfers produces a surplus before
interest payments such that the debt to output ratio is constant in the long run.
The second alternative sets the level of transfers for generations born on and after
the change equal to its new steady state level, such that the long-run ratio of govern-
ment to output is maintained at 19 percent, and temporarily decreases government
expenditures in order to finance any difference between benefits and contributions.
This alternative implies higher output, consumption and government expenditures in
the long run. If agents value government expenditures, however, some generations
can be worse off by the temporary decrease in government expenditures relative to
its values with no transition.
Figure (6) shows the transitional dynamics for the two alternatives. The first 25
generations opt for the new system in the announcement of the change. As the open-
28Total tax revenues (τh + τSS)Ht decrease.
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Fig. 6. Transition from a PAYG to a Fully-Funded Social Security system. Black
line: Social Security deficit financed with a temporary decrease in government ex-
penditures. Gray line: Social Security deficit financed with a decrease in lump-sum
transfers for generations born in the period and after the change.
economy assumption sets wages and interest rates exogenously, these generations
behave as if they were in the new steady state. The transition takes 35 years, the
number of years for the generation that continue in the old system to exit. The
ratio of benefits to output is initially constant in both alternatives as newly retired
agents in the old system start to receive their benefits and older generations leave the
economy. Eventually, the ratio of benefits to output decrease to zero as no additional
generation starts to receive benefits.
In the first alternative, government consumption continues to grow from its initial
steady state level at the 2 percent growth rate. As output under τSS = 0 is higher,
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however, the government-output ratio decreases to 17 percent in the long run. The
welfare gain for the first generation is 4.8 percent in terms of current consumption if
we consider government consumption. The welfare gain rises to 6.2 percent if we only
consider private consumption29. Older generations are indifferent to this change as
the government consumption path and their consumption and hours do not change.
This alternative implies a high long-run debt to output ratio, equal to 1.8.
In the second alternative, the economy converges to the steady state described
in table 4, with τSS = 0 and government-consumption ratio equal to 19 percent.
Government consumption has to be temporarily below its trend in order to cover the
Social Security deficit. When the number of Social Security beneficiaries decreases,
government consumption increases towards its trend. Government consumption is
eventually higher than in the first alternative. The welfare gain for the first generation
is 3.0 and 7.5 percent respectively if we consider or not government consumption. As
government consumption is temporarily smaller, older generations are worse off under
this alternative if they value government consumption.
It is beyond the purpose of this paper to offer an exhaustive Social Security model
with all possibilities for the transition30. Nevertheless, the present discussion on the
Social Security offers a first analysis of the effects in the Portuguese economy of a
change from a PAYG system to a fully funded system with the model developed in
section 2. As we can see, the effects and the welfare gains are substantial.
7. CONCLUSIONS
Tax rates affect the decision of labor supply. The effect is large. For Portugal,
France, Spain, United Kingdom and United States, taxes are able to predict the
29The welfare gains are smaller than the ones shown in table 4 because transfers are smaller in
this alternative and because long run government consumption is higher if we keep G/Y = 0.19.
30For example, Imrohoroglu et al. (1999) consider an economy with land, Kotlikoff et al. (1999)
consider intragenerational heterogeneity and different options to finance the transition.
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pattern of the labor supply over the years. These conclusions are not sensitive to
specific assumptions.
These results are important for at least three reasons. First, it shows that taxes
influence labor supply in a relevant way. Second, it implies that an increase in taxes
decreases welfare substantially by the distortionary effect on labor supply. Finally,
the effect on labor supply provides a way to finance Social Security by letting workers
choose between continuing in the system or saving privately.
Other features may affect hours worked and the labor market. Bover, Garcia-
Perea and Portugal (2000) and Blanchard and Portugal (2001) analyze the role of
unemployment benefits and other factors. Alesina, Glaeser and Sacerdote (2005)
focus on unions and labor market regulations.
If we are more efficient trading goods in the market, a decrease in market hours
makes consumers less efficient. To foster economic growth, we have to look for ways
to reach economic efficiency. Paying attention to the labor decisions is one of them.
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